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Abstract. This paper deals with the interactive fuzzy programming approach for Multi Objective Inventory 
Control Problem (MOICP). In multi-objective optimization problem, objectives are often non-commensurable 
and cannot be combined into a single objective. Moreover, the objectives usually conflict with each other in that 
any improvement of one objective can be achieved only at the expense of another. In real world, all objectives 
of MOICP are not rigid. Some are rigid and some are fuzzy or all are imprecise. Fuzzy goals are defined by 
different membership functions through interaction with decision maker. By making the aspiration levels more 
flexible and by assigning different values to the normal weights to corresponding objectives functions, different 
solutions are determined to interact with the decision maker. 
Keyword. Fuzzy objective; Fuzzy constraint; Compensatory operator; Weighted compensatory operator; 
Quadratic achievement function; Geometric programming. 
 
INTRODUCTION 
In modern era, several company or organization improving their production system based on dissimilar 
competitive strategies of the market. The production system includes different issues such as machine, 
production method, different processes, control information system etc. Every production system is flexible due 
to uncertainty nature of customer requirement. To satisfy this requirement in most effective and efficient way 
depends on some factors given below. 
 Control address decisions on the acquisition. 
 Production planning. 
 Utilization of production resources. 
 Distribution of production resources. 
Based on the above mentioned factor, inventory control system is a vital issue in presence scenario for each 
organization. Inventory management system is an essential part for almost each and every company, because 
inefficient inventory management can ruin the business. There are several types of costs are main cause to run 
any business smoothly such as Carrying cost, Holding costs, Item cost, Ordering cost, Over stocking cost, 
Production costs, Set-up costs, Shortage costs, and Under stocking cost. These are flexible and imprecise         
[1, 2, 3] in nature due to unpredictable behaviour of customer requirement, customer satisfaction and market 
season. 
MOTIVATION 
In traditional, inventory problem solved by the help of mathematical modelling [4] which is difficult to maintain 
in respect to business profit. In present scenario, it influence with e-commerce [5] to handle B-to-B, B-to-C, C-
to-B, and C-to-C where B is business and C is consumer. Different flexibilities of cost in business effect several 
parameters and it difficult to take any decision due to imprecise nature. Several surveys have been illustrated in 
last few decade. Each survey deal with individual problem, some of them single objective optimization problem. 
No one used multi-objective fuzzy geometric programming to handle inventory control system. This paper pave 
this gap and solve the multi-objective problem of inventory with the help of fuzzy geometric programming. 
CONTRIBUTIONS 
In this paper, multi-objective optimization problem is solve for inventory control system in unpredictable 
environment. To solve this problem, Non-Linear Geometric Programming (NLGP) is integrate with Fuzzy 
Logic (FL) to get advantages of both components. The combination of both (i.e. Fuzzy Geometric 
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Programming) helps to reduce uncertainty related to inventory controlling system by using interactive fuzzy 
programming model. This model helps to manage Economic Order Quantity (EOQ) based on some aggregate 
operators [6] such as Min operator, Compensatory operator, Competitive operator, and Compensatory-cum-
competitive operator in Polynomial and Posynominal environment. 
ORGANIZATION OF THE PAPER 
The remainder of this paper is organized as follows. In Section 2, literature reviews are presented and 
commented. In Section 3, general ideas of several preliminaries that are plays vital role to design the proposed 
model is offered. Section 4 highlights several reasons for choosing fuzzy logic in inventory controlling system. 
Section 5 highlights several reasons for multi-objective optimization in inventory controlling system. The 
concise description and formulation of the proposed model described in Section 6. Section 7 a hypothetical 
example is presented. Finally, conclusion and future scopes are outlined in Section 8. 
LITERATURE REVIEW 
In this section, some literature review are discussed based on single-objective and multi-objective problems. 
INVENTORY CONTROL SYSTEM BASED ON SINGLE-OBJECTIVE PROBLEM 
Robert A. Russell and Timothy L. Urban [7] proposed a method for multi-item inventory problem. It 
replacement cycles are maintained to minimize the maximum inventory level over to a given planning horizon. 
It effect the stochastic demand of the inventory. 
Roldan et al. [8] proposed a strategy which has three different customer selection techniques such as equal 
quantity discount, big orders first, and lowest storage first. Each of this technique will select a different subset of 
customers to be refilled in each period. This strategy is analyzed based on public benchmark and it give better 
results. 
Alamri et al. [9] proposed a method for efficient inventory control which include Economic Order Quantity 
(EOQ) model for items that are subject to examination for defective quality of the inventory. The effectiveness 
of the proposed method is analyzed mathematically and theoretically. 
INVENTORY CONTROL SYSTEM BASED ON MULTI-OBJECTIVE OPTIMIZATION PROBLEM 
Sujit Kumar De and Shib Sankar Sana [10] proposed a method based on General Fuzzy Optimization technique 
(GFO) for managerial issue of a production plant. It has multi-constraints with its own multiple delivery system 
and shop for different machines that run in several periods. Finally, authors presents graphical and sensitivity 
analysis for better results. 
Chakraborty et al. [11] proposed a scheme for inventory deteriorate based on Genetic Algorithm (GA) and 
Mumdani Fuzzy Inference technique (MFI). In this system, a single management system is optimized for several 
showrooms at different with fuzzy resource constraints. Some sensitivity analysis and numerical examples 
illustrated the effectiveness of the proposed scheme. 
PRELIMINARIES 
In this section, some preliminaries are discussed which provide a detailed analysis of the proposed model. 
SOFT COMPUTING 
Soft computing is a sub-discipline of artificial intelligence [12]. It is the fusion of some components that make 
possible to solve real world problems which are not solve by traditional approach (i.e. mathematical modelling) 
[13, 14]. 
FUZZY LOGIC 
Fuzzy logic [15-17] is a part of soft computing; which became mathematical discipline to express human 
reasoning in rigorous mathematical notation. It is a multi-valued logic that allows intermediate values to be 
defined between conventional evaluations like true/false, yes/no, high/low, small/big, short/long etc. Notions 
like rather long or very long, small or very small can be formulated mathematically and processed. Many 
authors [18-23]used fuzzy logic as a tool to solve real world problem. 
 
GEOMETRIC PROGRAMMING 
A Geometric Programming (GP) [24] is a type of mathematical optimization problem characterized by objective  
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and constraint functions that have a special form defined as Eq. (1). 
minimize f0(x) 
      x  fi (x) ≤ 1, i=1, . . ., m.   (1) 
  hi (x) ≤ 1, i=1, . . ., p. 
where f0, . . .,fm are polynomials and h1, . . ., hp are monomials. 
In the context of geometric programming, a monomial is defined as a function f:𝑅++
𝑛  R defined as: 
f(x) = c𝑥1
𝑎1𝑥2
𝑎2 , . . ., 𝑥𝑛
𝑎𝑛 ; where c  0 and ai R. 
FUZZY GEOMETRIC PROGRAMMING 
Fuzzy Geometric Programming (FGP) emerges from the combination of fuzzy set theory with GP, where 
models are built in the fuzzy polynomial and the reverse GP. It is used in a situation where constraint condition 
and objective function need softening, including coefficient, exponent, even variable are regarded as fuzzy 
parameters or fuzzy variables due to uncertainty nature of the problem. 
MULTI OBJECTIVE OPTIMIZATION PROBLEMS 
Multi-Objective Optimization Problems (MOOP) considers an optimization problems that involves more than 
one objective function to be optimized simultaneously. It arise in numerous fields, such as logistics, 
management, economics, engineering, etc. In this system, optimal decision is taken in the presence of trade-offs 
between two or more conflicting objectives. Typically, there does not exist a single solution that simultaneously 
optimizes each objective. Mathematically it describe as in Eq. (2). 
min/max fm (x),  m=1, . . .,M 
      x   
subject to gj (x)  0, j=1, . . . . ,J 
  hk (x)  0, k=1, . . . . ,K  (2) 
  𝑥𝑖
(𝐿)
 ≤ xi ≤ 𝑥𝑖
(𝑈)
, i=1, . . . . ,n 
 lower    lower 
 bound bound 
WHY FUZZY LOGIC IN INVENTORY? 
Fuzzy logic is used in inventory control system to manage and manipulate several entities of inventory and solve 
several problems in precisely. 
 Sometimes, inventory control depend on the machine and during operation few of the machines are 
failures due to any reason. So, it difficult to know the actual capacity of the machines. Hence, actual 
output of the machine we cannot determine due to uncertain machines availability. 
 Sometimes, management authority unable to determines actual production target of the inventory due 
to lack of essential information. At the time, management authority express the production and Work-
in-Process inventory (WIP) target in fuzzy interval due to linguistic behaviour. 
 Some real life scenarios, companies diverge their target up to a certain limit with the help of 
inadequacy of their availability and high cost of the resources. Hence, it makes an inventory analyst to 
express the target achievement in the term of fuzzy.  
WHY MULTI-OBJECTIVE OPTIMIZATION IN INVENTORY? 
Multi-objective optimization considers an optimization problems that involves more than one objective function 
to be optimized simultaneously. It arise in numerous fields, such as logistics, management, economics, 
engineering, etc. In this system, optimal decision is taken in the presence of trade-offs between two or more 
conflicting objectives. Typically, there does not exist a single solution that simultaneously optimizes each 
objective. For instance, production planning system has multiple objectives to satisfy optimum inventory 
controlling system. Eq. (3) shows the multiple conflict objective of production planning system. 
PRODUCTION PLANNING OPTIMIZATION 
max {total net revenue} 
max {min net revenue in any time period} 
min {backorders}     (3) 
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min {overtime} 
min {finished goods inventory} 
FORMULATION OF THE PROPOSED MODEL 
The mathematical model of a constrained MOICP is stated as in Eq. (4). 
Determine   x=(x1, x2,, . . . . ,xn) 
which minimizes ‘k’ objectives such as 
   f1 (x) 
   f2 (x) 
   f3 (x) 
   . . . . . . 
   fk (x) 
subject to ‘n’ constraints such as    (4) 
   g1 (x) ≤ b1 
   g2 (x) ≤ b2 
   g3 (x) ≤ b3 
   . . . . . . . . .  
   gn (x) ≤ bn 
   x  0 
In symbolic form: 
minimize  F(x)={f1(x), . . . . . ., fk(k)} 
subject to  G(x) ≤ B 
   x0    (5) 
where   G(x)={g1(x), . . . . , gn(x)} 
   B=(b1, b2, . . . . . . .,bn)’ 
   x=(x1, x2, . . . . . . . ,xn) 
And fi(x), for i=1, 2, .. . . . . k are various costs and gj(x), for j=1, 2, . . . . . .  m are various constraints. Here, fi(x) 
and gj(x) are either all polynomials or some polynomials and some polynomials in decision variables. Solving 
the optimization problem as: 
Minimize each fi(x) subject to all constraints. Let us write the model of Eq. (5) as in Eq. (6). 
Determine  ‘x’ 
subject to  F(x) ≤ P 
   G(x) ≤ B   (6) 
   x0 
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where P=(p1, p2, p3, . . . . . . pk) is a ‘k’ objectives function. Assuming that goals are not defined precisely 
therefore fuzzy model of Eq. (6) can be given as in Eq. (7). In real world rigid goals vectors P and B do not 
exist. Therefore, it is more convenient to assign fuzzy (imprecise) goals by allowing some flexibility in the right 
hand sides of all the objective and constraints. 
Determine  ‘x’ 
subject to  F(x) 
≤
~
 P 
   G(x) 
≤
~
B   (7) 
   x 
≥
~
 0 
where, the symbol ‘~’ stands for fuzzification of the aspiration levels bj, where j=1, . . . . . .  n and the values b1, 
b2, . . . . . . . , bn of the given constraints. 
Here each pi, of the vector P is increased by i and each bj of B is increased by β. The model of Eq.(7) has to be 
defuzzified which is done by using the concept of fuzzy set theory. Triangular membership functions denoted by 
fi(x) and gi(x) respectively fuzzy goals fi(x) 

~
 pi and constraints gj(x) 

~
 bjare shown in Eq. (8) and Eq. (9). 
 
 
 
 
 
 
where in Eq. (8)fi(x)  [0, 1] and i=1, 2, . . . . . . k. 
 
 
 
 
 
 
 
 
where in Eq. (9)gj(x)  [0, 1] and j=1, 2, . . . . . . n. 
The set of achievement functions in different forms such as linear and quadratic using compensatory operator 
with normalized weights given as A={A1, A2, A3, A4} 
where, the values of A1 to A4 are given as: 
A1 = A1 () = ( 𝑓𝑖
𝑘
𝑖=1 (x)) + ( 𝑔𝑗
𝑚
𝑗=1 (x)) 
A2 = A2 () = ( 𝑓𝑖
𝑘
𝑖=1 (x) * 𝑤𝑖) + ( 𝑔𝑗
𝑚
𝑗=1 (x) * 𝑤𝑗 ) 
A3 = A3 () = ( 2𝑓𝑖
𝑘
𝑖=1 (x)) + ( 
2
𝑔𝑗
𝑚
𝑗=1 (x)) 
A4 = A4 () = ( 2𝑓𝑖
𝑘
𝑖=1 (x) * 𝑤𝑖) + ( 
2
𝑔𝑗
𝑚
𝑗=1 (x) * 𝑤𝑗 ) 
where  𝑤𝑖 +  𝑤𝑗  = 1 and w1, w2, . . . . . . wk, wk+1, . . . . . , wk+n are normalized weights, each  [0, 1]. 
This crisp model using A1 is given as: 
The constrained FGP in inventory control problem can be stated as in Eq. (10). 
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maximize  A1() 
 
subject to  fi(x) - ifi(x) = i, i=1, . . . . ,k 
   fi(x) +ifi(x) = i, i=1, . . . . ,k 
   gj(x) - ’jgj(x) = ’j, j=1, . . . . ,n  (10) 
   gj(x) +’jgj(x) = ’j, j=1, . . . . ,n 
   fi(x)  0i 
   gj(x)  0j 
   x  0 
If all fuzzy goals/constraints are not equal important than normalized weights are used. The proposed model in 
this case, is given as in Eq. (11). 
maximize  A2() 
 
subject to  fi(x) - ifi(x) = i, i=1, . . . . ,k 
   fi(x) +ifi(x) = i, i=1, . . . . ,k 
   gj(x) - ’jgj(x) = ’j, j=1, . . . . ,n  (11) 
   gj(x) +’jgj(x) = ’j, j=1, . . . . ,n 
   fi(x)  0i 
   gj(x)  0j 
   x  0 
Some problems involve multiple fuzzy objectives which are dependent on each other. In such case the overall 
achievement function may be defined as a quadratic form of the membership functions in canonical form. The 
mathematical model is given in Eq. (12). 
maximize  A3() 
 
subject to  fi(x) - ifi(x) = i, i=1, . . . . ,k 
   fi(x) +ifi(x) = i, i=1, . . . . ,k 
   gj(x) - ’jgj(x) = ’j, j=1, . . . . ,n  (12) 
   gj(x) +’jgj(x) = ’j, j=1, . . . . ,n 
   fi(x)  0i 
   gj(x)  0j 
   x  0 
Using additive operator the overall achievement function in canonical form with normalized weights, the 
mathematical model is given inEq. (13). 
maximize  A4() 
 
subject to  fi(x) - ifi(x) = i, i=1, . . . . ,k 
   fi(x) + ifi(x) = i, i=1, . . . . ,k 
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   gj(x) - ’jgj(x) = ’j, j=1, . . . . ,n  (13) 
   gj(x) + ’jgj(x) = ’j, j=1, . . . . ,n 
   fi(x)  0i 
   gj(x)  0j 
   x  0 
Above models can be solved by GP algorithm. 
HYPOTHETICAL EXAMPLE FOR GP MODEL OF INVENTORY CONTROL 
Minimize the total inventory cost associated ordering and holding costs while sacrificing certain warehouse 
space limitation. Let annual demand for each product is ‘N’ units and the rate of demand is ‘k’ per unit time. 
If the order size of produce A is x1 units and the stock is depleted at a constant rate ‘k’ then the stock of product 
A will be zero after x1/k units of time. If x2 is the lot size of product B, its stock will be zero after x2/k units of 
time. Let lot size orders of size x1 and x2 respectively to arrive simultaneously. 
Here, N is the annual demand of product A, N/x1 is approximately the number of orders of products per year. 
With r1 as the cost of single order of product A. 
If (r1 * N)/x1 is the annual ordinary cost of product A, N/x2is the number of orders of product B per year and ‘r2’ 
is the cost of single order of product B then (r2 * N)/x2 is the annual ordering cost of product B. 
The total annual ordering cost is shown in Eq. (14). 
f1(x) = 
𝑟1∗𝑁
𝑥1
 +  
𝑟2∗𝑁
𝑥2
       (14) 
Inventories are depleted at a constant rate, the average inventories are x1/2 and x2/2. 
With unit storage costs of r1 and r2 for products A and B respectively. 
Average storage cost is shown in Eq. (15). 
r1 * 
𝑥1
2
 + r2 * 
𝑥2
2
        (15) 
Average annual holding cost is shown in Eq. (16). 
f2(x) =r1 *  
𝑥1
2
 + r2 * 
𝑥2
2
       (16) 
The storage space requirements of x1 and x2 should not exceed M units is shown in Eq. (17). 
x1 + x2 ≤ M        (17) 
The GP model of the inventory control problem is shown in Eq. (18). 
Determine  X = (x1, x2) which minimize 
   F(x) = {f1(x), f2(x)} 
Subject to  g(x) = 
𝑥1
𝑀
 + 
𝑥2
𝑀
 ≤ 1    (18) 
   x10 
   x20 
This problem can be given in any of the above models given in Eq. (10) to (13). 
 
CONCLUSION AND FUTURE SCOPE 
The developed models may be used for a single item with a single constraint of limitation on storage area and 
multi-item inventory problem under many limitations, such as their inventory levels, ware house space and 
budget limitations, etc. In multiple objective optimization cases, the objectives and constraints shows some 
degree of dependence over each other. The compensatory operator with normalized weights and without 
normalized weights used in framing the overall achievement function takes into account. So future scope 
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includes identify different statistic of inventory control system and manage it with the help of FGP and analyse 
simulation results with analytical results. 
ACKNOWLEDGMENT 
The first author would like to thank her guide to motivate him to write this proposed model and her friends for 
their insightful suggestions that helped him to improve the content of this paper. 
 
REFERENCES 
[1] S. K. Das, S. Tripathi, and A. Burnwal; Design of fuzzy based intelligent energy efficient routing 
protocol for WANET,  in Computer, Communication, Control and Information Technology (C3IT), 
2015 Third International Conference on, IEEE, 2015, Pg. 1-4, DOI: 10.1109/C3IT.2015.7060201. 
[2] A.Kumar, R. K. Sharma, and A. Burnwal; Energy Consumption Model in Wireless Ad-hoc Networks 
using Fuzzy Set Theory,  Global Journal of Advanced Research, 2015, Vol. 2, No. 2, Pg. 419-426. 
[3] S. K. Das, A. Kumar, B. Das, and A. Burnwal; Ethics of reducing power consumption in wireless 
sensor networks using soft computing techniques,  International Journal of Advanced Computer 
Research, 2013, Vol. 3, No. 1, Pg. 301-304. 
[4] A. Burnwal, A. Kumar, and S. K. Das; Assessment of mathematical modeling in different areas,  
International Journal of Advanced Technology & Engineering Research, 2013, Vol. 3, No. 3, Pg. 23–
26. 
[5] S. K. Das, A. Kumar, B. Das, and A. Burnwal; Ethics of E-Commerce in Information and 
Communications Technologies,  International Journal of Advanced Computer Research, 2013, Vol. 3, 
No. 1, Pg. 122-124, doi=10.1.1.300.9397. 
[6] B. K. Mishra, B. Yadav, S. Jha, and A. Burnwal; Fuzzy set theory approach to model super abrasive 
grinding process using weighted compensatory operator,  International Journal of Research in 
Computer Applications and Robotics, 2015, Vol. 3, No. 5, Pg. 62-68. 
[7] R. A. Russell and T. L. Urban; Offsetting inventory replenishment cycles,  European Journal of 
Operational Research, 2016, Vol. 254, No. 1, Pg. 105–112. 
[8] R. F. Roldan, R. Basagoiti, and L. C. Coelho; Robustness of inventory replenishment and customer 
selection policies for the dynamic and stochastic inventory-routing problem”, Computers & Operations 
Research, 2016, Vol. 74, Pg. 14-20. 
[9] A. A. Alamri, I. Harris, and A. A. Syntetos; Efficient inventory control for imperfect quality items,  
European Journal of Operational Research, 2016, Vol. 254, No. 1, Pg. 92– 104. 
[10] S. K. De and S. S. Sana; A multi-periods production– inventory model with capacity constraints for 
multi-manufacturers–a global optimality in intuitionistic fuzzy environment,  Applied Mathematics and 
Computation, 2014, Vol. 242, Pg. 825–841. 
[11] N. Chakraborty, S. Mondal, and M. Maiti; A deteriorating multi-item inventory model with price 
discount and variable demands via fuzzy logic under resource constraints,  Computers & Industrial 
Engineering, 2013, Vol. 66, No. 4, Pg. 976– 987. 
[12] A. Burnwal, A. Kumar, and S. K. Das; Survey on application of artificial intelligence techniques,  
International Journal of Engineering Research & Management, 2014, Vol. 1, No. 5, Pg. 215–219. 
[13] S. K. Das, A. Kumar, B. Das, and A. Burnwal; On soft computing techniques in various areas,  
Computer Science & Information Technology (CS & IT), 2013, Vol. 3, Pg. 59-68, DOI : 
10.5121/csit.2013.3206. 
[14] S. K. Das, S. Tripathi, and A. Burnwal; Some relevance fields of soft computing methodology,  
International Journal of Research in Computer Applications and Robotics, 2014, Vol. 2, Pg. 1-6. 
[15] A. Burnwal, A. Kumar, and S. K. Das; Assessment of fuzzy set theory in different paradigm,  
International Journal of Advanced Technology & Engineering Research, 2013, Vol. 3, No. 3, Pg. 16–
22. 
International Journal of Students’ Research in Technology & Management 
eISSN: 2321-2543, Vol 5, No 4, 2017, pp 18-26 
https://doi.org/10.18510/ijsrtm.2017.543 
 
26 |www.ijsrtm.in                                                                                                                                     ©Authors 
[16] S. K. Das and S. Tripathi; Energy efficient routing protocol for manet based on vague set measurement 
technique,  Procedia Computer Science, 2015, Vol. 58, Pg. 348-355, doi:10.1016/j.procs.2015.08.030. 
[17] S. K. Das and S. Tripathi; Energy Efficient Routing Protocol for MANET Using Vague Set,  in 
Proceedings of Fifth International Conference on Soft Computing for Problem Solving, Springer, 2016, 
Pg. 235-245, DOI: 10.1007/978-981-10-0448-3_19. 
[18] S. K. Das, S. Tripathi, and A. Burnwal; Fuzzy based energy efficient multicast routing for ad-hoc 
network,  in Computer, Communication, Control and Information Technology (C3IT), 2015 Third 
International Conference on, IEEE, 2015, Pg. 1-5, DOI: 10.1109/C3IT.2015.7060126. 
[19] S. K. Das, S. Tripathi, and A. Burnwal; Intelligent energy competency multipath routing in wanet,  in 
Information Systems Design and Intelligent Applications, Springer, 2015, Pg. 535-543, DOI: 
10.1007/978-81-322-2250-7_53. 
[20] S. K. Das, B. Das, and A. Burnwal; Intelligent energy competency routing scheme for wireless sensor 
networks”, International Journal of Research in Computer Applications and Robotics (IJRCAR), 2014, 
Vol. 2, No. 3, Pg. 79–84. 
[21] S. Murmu, S. Jha, A. Burnwal, and V. Kumar; A proposed fuzzy logic based system for predicting 
surface roughness when turning hard faced components,  International Journal of Computer 
Applications, 2015, Vol. 125, No. 4. 
[22] S. K. Das and S. Tripathi; Intelligent energy-aware efficient routing for MANET,  Wireless Networks, 
2016, Pg. 1-21, DOI 10.1007/s11276-016-1388-7. 
[23] S. K. Das, A. K. Yadav and S. Tripathi; IE2M: Design of intellectual energy efficient multicast routing 
protocol for ad-hoc network,  Peer-to-Peer Networking and Applications, 2016, Pg. 1-18, DOI 
10.1007/s12083-016-0532-6. 
[24] A. Burnwal, S. Mukherjee, and D. Singh; An additive model of fuzzy geometric programming,  
Mathematics Education India, 2000, Vol. 34, No. A 1, Pg. 25–29. 
